Results: Of 409 patients randomised, 273 received CZP from week 0. 54 (19.8%) CZP patients had prior anti-TNF exposure. Of patients randomised to CZP, 91% completed week 24, 87% week 48 and 80% week 96. ACR responses were maintained to week 96: 60% of patients achieved ACR20 at week 24, and 64% at week 96. Improvements were observed with both CZP dose regimens. ACR20 responses were similar in patients with (week 24: 59%; week 96: 63%) and without (week 24: 60%; week 96: 64%) prior anti-TNF exposure. Placebo patients switching to CZP displayed rapid clinical improvements, maintained to week 96. In patients with ≥3% baseline skin involvement (60.8% week 0 CZP patients), PASI responses were maintained to week 96. No progression of structural damage was observed over the 96-week period. In the Safety Set (n=393), adverse events occurred in 345 patients (87.8%) and serious adverse events in 67 (17.0%), including 6 fatal events.
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Conclusions: CZP efficacy was maintained to week 96 with both dose regimens and in patients with/ without prior anti-TNF exposure. The safety profile was in line with that previously reported from RAPID-PsA, with no new safety signals observed with increased exposure.
INTRODUCTION
Psoriatic arthritis (PsA) is a complex, multifaceted systemic disease associated with a substantial long-term disease burden. Over one-half of patients exhibit progressive, erosive disease with subsequent impairment in clinical function within 2 years of disease onset. 1 2 In addition to articular manifestations, which can include peripheral joint disease, enthesitis, dactylitis and axial involvement, patients with PsA often experience a substantial extra-articular burden of disease, including psoriatic skin disease, nail disease and inflammatory bowel disease.
Patients with PsA have significantly impaired health-related quality of life
Key messages
What is already known about this subject?
▸ Previous reports of RAPID-PsA demonstrated the efficacy and safety of certolizumab pegol (CZP) over 24 weeks for the treatment of psoriatic arthritis (PsA).
What does this study add?
▸ CZP efficacy was maintained to week 96 with both CZP dose regimens and in patients with and without prior antitumour necrosis factor (TNF) exposure. ▸ No clinically relevant progression of structural damage over the long term was demonstrated in patients treated with CZP.
How might this impact on clinical practice?
▸ Given that there is an ever increasing number of patients who have been exposed to anti-TNF agents, the data presented here, demonstrating a similar efficacy with CZP regardless of prior anti-TNF exposure, may be used to advise treatment decisions in future clinical practice.
(HRQoL) compared to the general population, with patients with PsA who suffer from psoriatic skin involvement having an even greater burden, particularly in terms of the psychosocial aspects of HRQoL. 3 4 Given the chronic nature of PsA, it is important to demonstrate the maintenance of short-term benefits over longer periods. This is particularly relevant for objective disease measures such as structural damage, assessed using X-rays, where investigation of the sustained treatment effect is required over a longer period of time.
Certolizumab pegol (CZP) is a PEGylated Fc-free antitumour necrosis factor (TNF) that has been shown to reduce the signs and symptoms of PsA over 24 weeks, 5 while providing inhibition of structural damage 6 and improvements in patient-reported outcomes (PROs). 7 The objective of this publication is to report the safety and efficacy of two CZP dosing regimens in patients with PsA over 96 weeks, as measured by clinical, patientreported and radiographic outcomes.
MATERIALS AND METHODS Patients
Patient eligibility criteria for the RAPID-PsA trial (NCT01087788) have been reported previously. 5 Briefly, patients aged ≥18 years, with active PsA of ≥6 months' duration, as defined by the Classification Criteria for Psoriatic Arthritis (CASPAR), were included. 8 Patients must have experienced failure to ≥1 disease-modifying antirheumatic drug (DMARD), and up to 40% of patients could have experienced secondary failure to one prior anti-TNF (loss of efficacy or intolerance to TNF-antagonist treatment). Patients with evidence of latent or active tuberculosis were excluded unless prophylactic treatment of latent tuberculosis had begun at least 4 weeks prior to baseline.
Trial design
Treatment procedures RAPID-PsA is a phase 3 randomised multicentre trial in patients with PsA, which was double-blind and placebocontrolled to week 24, dose-blind to week 48 and an open-label extension (OLE) to week 216. We report data from an interim analysis of the dose-blind period (weeks 24-48) and the first 48 weeks of the OLE (ie, 96 weeks from the study start). Patients were randomised 1:1:1 to placebo, or subcutaneous CZP 400 mg at weeks 0, 2 and 4 (loading dose) followed by either CZP 200 mg every 2 weeks (Q2W) or CZP 400 mg every 4 weeks (Q4W) (figure 1A).
Patients originally randomised to CZP continued on their assigned dose. Placebo patients who failed to achieve ≥10% improvement from baseline in tender and swollen joint counts at both weeks 14 and 16 (early escape) were re-randomised 1:1 at week 16 to CZP 200 mg Q2W or CZP 400 mg Q4W, following CZP loading dose ( figure 1A) . The remaining placebo patients were re-randomised to CZP at week 24 in a similar manner.
Original randomisation was stratified by investigator site and prior anti-TNF exposure, based on an interactive voice response system. At all study sites, all investigators and other healthcare professionals involved in safety or efficacy assessments were completely blind to the study medications. Owing to some differences in the presentation and viscosity of CZP and placebo, all study treatments were administered by dedicated, unblinded, trained study centre personnel with no other involvement in the study, to maintain study blinding. Strict rules were applied to limit and control the communication between the blinded healthcare professionals, the local unblinded study centre personnel and study sponsor personnel.
Evaluations
The primary clinical (American College of Rheumatology (ACR) 20 response at week 12) and radiographic (change from baseline in modified total Sharp score (mTSS) at week 24) end points of RAPID-PsA are reported elsewhere. 5 6 Efficacy variables were measured to week 96 and included ACR20/50/70 and Psoriasis Area and Severity Index (PASI) 75/90/100 response rates. The proportion of patients achieving minimal disease activity (MDA) (defined as patients fulfilling at least 5 of 7 MDA criteria) 9 was also analysed.
The Disease Activity Score (28-joint count) based on C-reactive protein (DAS28(CRP)) was used to evaluate joint involvement, and the proportion of patients achieving DAS28(CRP) ≤3.2 is also reported. Other clinical features of PsA included enthesitis (Leeds Enthesitis Index (LEI)) 10 and dactylitis (Leeds Dactylitis Index (LDI)). 10 Patient-reported quality of life measures were also reported, including pain (visual analogue scale (VAS)), fatigue (VAS), function (Health Assessment Questionnaire Disability Index; HAQ-DI) and short-form 36-item health survey component summaries (SF-36 mental component summary (MCS) and SF-36 physical component summary (PCS)).
Radiographic damage for patients originally randomised to CZP was assessed to week 96 as part of a third reading campaign, during which radiographs taken at baseline and at weeks 24 and 48 were re-read, in addition to week 96 radiographs (as opposed to using data from the first (24 weeks) or second (48 weeks) reading campaigns). Radiographs were also read for patients originally randomised to placebo who switched to CZP treatment at either week 16 or 24. For these patients, it was of interest to evaluate the change in mTSS while on CZP following their re-randomisation. Therefore, for these patients, mTSS change was assessed from CZP initiation, that is, from their last available radiograph before initiation of CZP treatment (week 12 for patients escaping at week 16, or week 24 for patients switching at week 24).
Safety analyses included all adverse events (AEs) and routine laboratory analyses performed at every trial visit through to week 96.
Statistical analysis
Efficacy results are presented for patients randomised to CZP at baseline, though selected results are presented for patients re-randomised from placebo to CZP. Response rates (%) are calculated considering patient withdrawal and missing evaluation as non-response (nonresponder imputation (NRI)). Missing quantitative efficacy assessments were imputed by carrying forward the last observation (LOCF). Selected results are also presented as observed data from those completing the week 96 assessment.
Radiographic outcomes reported include mTSS 11 change from baseline (for patients originally randomised to placebo who switched to CZP, mTSS change was assessed relative to their last available radiograph before initiation of CZP treatment) and the percentage of patients with mTSS non-progression (defined either as change from baseline in mTSS ≤0 or ≤0.5). Radiographic outcomes were estimated for patients originally randomised to CZP, for patients originally randomised to placebo who switched to CZP, and for subgroups of patients at low or high risk of further structural progression (defined as a baseline mTSS above (>) or below (≤) the median baseline mTSS of 3.5). Progression of mean mTSS was analysed using a mixed effect model for repeated measures (MMRM) with mTSS as the dependent variable, where treatment regimen and visit were fixed-effect factors, with treatment regimen by visit as an interaction term. Actual mTSS values, rather than change from Baseline, were analysed to allow the inclusion of all available mTSS assessments in the analysis, even if the Baseline assessment was missing. An unstructured covariance matrix was used to account for within-subject correlation. Data are presented as the least squares mean with 95% CIs or as the percentage of patients with mTSS non-progression.
Clinical efficacy data were summarised descriptively with no inferential statistics. Quantitative efficacy measures over time are summarised by arithmetic mean and SD. Efficacy measures are predominantly presented for the Randomized Set. However, certain efficacy outcomes pertaining to specific disease manifestations are reported in subpopulations of patients suffering from these manifestations. ACR response rates were analysed in all patients and those with and without prior anti-TNF exposure. PASI was measured in patients with ≥3% BSA (body surface area) psoriatic skin involvement at baseline and in a post hoc analysis of patients who additionally had baseline PASI ≥10. LEI was assessed in patients with enthesitis at baseline (LEI ≥1) and dactylitis in patients with dactylitis at baseline (≥1 dactylitic digit with a circumference ≥10% larger compared with the contralateral digit).
Patient retention for CZP patients was summarised with a Kaplan-Meier plot. Furthermore, patient withdrawal due to AEs or loss of efficacy was estimated with a Kaplan-Meier plot in which patients withdrawing for other reasons were censored at the time of withdrawal.
Safety data are presented for all patients treated with at least one dose of CZP at any stage during the 96-week trial period. AE incidences are reported as the proportion of all patients in the Safety Set and in terms of the event rate (ER) per 100 patient-years (PY) of exposure.
RESULTS

Patient population and disposition
A total of 409 patients were randomised, of whom 273 received CZP from week 0 (baseline). Of the patients randomised to CZP at baseline, 248 (90.8%) patients completed to week 24, 237 (86.8%) patients completed to week 48 and 218 (79.9%) patients completed to week 96. Between weeks 24 and 48, 6 of these patients (2.2%) withdrew due to an AE and 3 (1.1%) due to loss of efficacy. Between week 48 and week 96, 7 (2.6%) patients withdrew due to an AE and 5 (1.8%) due to loss of efficacy. The Kaplan-Meier analysis indicates that if only withdrawals due to AEs or loss of efficacy were considered, the estimated retention rate at week 96 was 86.5%, rather than the 79.9% for all withdrawals (figure 1C).
Of 136 patients originally randomised to placebo at baseline, 59 escaped early and were re-randomised to CZP at week 16, while 61 completed the double-blind phase and were re-randomised at week 24 (figure 1B).
Baseline characteristics were similar between treatment groups (table 1). It was noted that placebo patients who did not meet escape criteria had lower disease activity at baseline in HAQ-DI (as was also noted in a CZP 5 Psoriatic arthritis study in rheumatoid arthritis 12 ), skin disease (PASI) and structural damage (mTSS), when compared to placebo patients who escaped at week 16.
Of patients originally randomised to CZP 200 mg Q2W or CZP 400 mg Q4W, 31 (22.5%) and 23 (17.0%) had prior anti-TNF exposure, respectively (table 1). The most common reason reported for discontinuation of prior anti-TNF treatment was a secondary loss of response (table 2) . At baseline, of the 63.7% of CZP-randomised patients taking concomitant methotrexate, the majority (78.7%) received oral medication. The mean (±SD) weekly dose of methotrexate was 17.5 mg±11.4.
Efficacy outcomes
Rapid improvements observed in the 24-week doubleblind phase in components of the ACR response (including HAQ-DI and pain, figure 2) were maintained to week 96. Improvements in ACR, observed for both CZP dose regimens over 24 weeks, were maintained to week 48 of the dose-blind phase and to week 96 of the OLE ( figure 2A) . Imputation of ACR20 response using NRI gave a week 96 response rate of 64% compared to 81% when using observed data (combined CZP doses (table 3) ). Similar maintenance of efficacy was observed in continuous disease activity measures such as DAS28 (CRP), and in the proportion of patients achieving DAS28 <2.6 or DAS28 ≤3.2 (table 3) . Improvements observed to week 24 in MDA, a stringent treatment target that includes joint, skin and patient-reported components, were also maintained to week 96 (table 3) .
Patients originally randomised to placebo who were re-randomised to CZP treatment at week 16 or 24 saw improvements in ACR20 response rates following CZP treatment ( figure 2B) . ACR responses were similar between patients with and without prior anti-TNF exposure (table 3) . Improvements in ACR20 response and HAQ-DI were similar regardless of whether patients had discontinued prior anti-TNF treatment due to loss of efficacy or other reasons ( figure 3) .
Improvements observed to week 24 were maintained to week 96 in all PROs measured, including pain, fatigue, HAQ-DI and SF-36 component summaries (table 3) .
For patients with ≥3% BSA psoriasis at baseline, improvements in PASI75 and PASI90 response rates seen over 24 weeks were maintained to week 96 (figure 2C) and were similar in patients with and without prior anti-TNF exposure (table 3) . Furthermore, 33.1% of patients achieved a PASI100 response at week 96 (combined CZP doses, table 3). Absolute PASI scores were also maintained between weeks 48 and 96, with a mean (±SD) PASI score of 2.6±7.0 at week 48 and 2.6±6.6 at week 96 for combined CZP doses.
Greater improvements in PASI75 response rates were observed for patients with baseline PASI ≥10 (81% and 74% achieved PASI75 at week 24, 78% and 77% at week 48, and 65% and 59% at week 96 for CZP 200 mg Q2W (n=37) and CZP 400 mg Q4W (n=34), respectively) compared to patients with baseline PASI <10 (49% and 50% achieved PASI75 at week 24, 59% and 50% at week 48, Data shown for patients from the randomised set of patients from RAPID-PsA with prior anti-TNF exposure. *One patient had past use of both adalimumab and etanercept. CZP, certolizumab pegol; Q2W, every 2 weeks; TNF, tumour necrosis factor.
and 55% and 36% at week 96 for CZP 200 mg Q2W (n=53) and CZP 400 mg Q4W (n=42), respectively). Greater improvements were also seen in PASI90 and PASI100 (figure 2D and appendix). For patients with dactylitis, enthesitis or nail involvement at baseline, improvements observed to week 24 in LDI, LEI or modified Nail Psoriasis Severity Index (mNAPSI), respectively, were sustained to week 96 (table 3) .
Data from this radiographic reading campaign indicated that there was no clinically relevant change in radiographic progression in patients treated with CZP to week 96, as measured by change from baseline in mTSS (0.14 (95% CI −0.04 to 0.33)). Progression was also very low during the CZP treatment period for patients initially randomised to placebo who were reallocated to CZP at either week 16 or 24 (−0.08 (95% CI −0.42 to 0.27); and 0.04 (95% CI −0.30 to 0.38), respectively). Similar radiographic outcomes were seen in patients treated with either CZP dose regimen (table 4A) .
For patients originally randomised to CZP, those with baseline mTSS >3.5 (and therefore at increased risk of further progression) had, on average, a slightly higher radiographic progression to week 96 than patients with baseline mTSS <3.5, though the progression remained Figure 2 Clinical and patient-reported outcomes for patients randomised to CZP 200 mg Q2W and CZP 400 mg Q4W to week 96. (A) ACR response rates; (B) ACR20 response rates for placebo patients re-randomised to CZP; (C) PASI75 and PASI90 response rates for patients with ≥3% BSA psoriasis at baseline; (D) PASI90 response rates for patients with ≥3% BSA psoriasis and PASI ≥10 at baseline; (E) mean HAQ-DI score and (F) mean pain score. Data are shown for the Randomised Set. Missing categorical data were imputed by non-responder imputation; missing continuous measures were imputed by the last observation carried forward. HAQ-DI was scored on a 0-3 scale and pain on a 0-100 numerical rating scale. ACR, American College of Rheumatology; BSA, body surface area; CZP, certolizumab pegol; HAQ-DI, Health Assessment Questionnaire Disability Index; PASI, Psoriasis Area and Severity Index; wk, week; Q2W, every 2 weeks.
remarkably low in both subgroups (mTSS >3.5: 0.24 (95% CI −0.14 to 0.62); and mTSS ≤3.5: 0.07 (95% CI 0.00 to 0.15); table 5). The proportion of patients with mTSS nonprogression to week 96 remained high with both cut-off values (mTSS ≤0: 74.3%; mTSS ≤0.5: 87.2%; week 0 CZP-randomised patients, combined doses, observed data; table 6). Similar results were observed for placebo patients re-randomised to CZP (tables 4B, 5B and 6B).
Safety
The safety set consisted of 393 patients who received at least one dose of CZP at any stage of the 96-week trial Data are shown for the Randomised Set. Data were imputed using NRI for missing categorical data and LOCF for missing continuous measures, except for DAS28(CRP) <2.6 or ≤3.2 for which LOCF was used. Data are shown as mean (SD) unless otherwise specified. Data on X-ray outcomes are shown in tables 4-6. *TNF-naïve patients, n=219. †TNF experienced patients, n=54. ‡PASI data presented for patients with baseline BSA≥3% (n=166). §TNF-naïve patients with BSA≥3%, n=130. ¶TNF experienced patients with BSA≥3%, n=36. **LEI reported for patients with enthesitis at baseline (n=172).
† †LDI reported for patients with ≥1 dactylitic digit with a circumference ≥10% larger compared with the contralateral digit (n=73). ‡ ‡mNAPSI reported for patients with nail involvement at baseline (n=197). ACR, American College of Rheumatology; BL, baseline; BSA, body surface area; CRP, C reactive protein; CZP, certolizumab pegol; DAS, Disease Activity Score; HAQ-DI, Health Assessment Questionnaire Disability Index; LDI, Leeds Dactylitis Index; LEI, Leeds Enthesitis Index; LOCF, carrying forward the last observation; MCS, mental component summary; MDA, minimal disease activity; mNAPSI: modified Nail Psoriasis Severity Index; NA, not available; NRI, non-responder imputation; PASI, Psoriasis Area and Severity Index; PCS, physical component summary; PRO, patient-reported outcome; PsAQoL, psoriatic arthritis quality of life; Q2W, every 2 weeks; SF-36, short-form 36-item; TNF, tumour necrosis factor.
period. Total exposure to week 96 was 606 PY. During this period, AEs occurred in 345 patients (87.8%; ER per 100 PY=329.8), the majority of which were considered by the investigator to be mild or moderate in nature (table 7) . Serious AEs (SAEs) occurred in 67 patients (17.0%; ER=14.5/100 PY), with the highest number reported for the Infection and Infestations System Organ Class. Of the 16 infections considered serious (4.1%; ER=3.3/100 PY), there were no cases of active tuberculosis. The most common serious infections were pneumonia, HIV, erysipelas and urinary tract infections, of which there were two cases reported for each (0.5%; ER=0.3/100 PY). During the 96-week trial period, 36 patients experienced an AE leading to withdrawal (9.2%; table 7). Four malignancies (1.0%; ER=0.7/100 PY) were reported during the 96-week (double-blind, dose-blind and OLE) treatment period of this trial including two cases of breast cancer, one case of lymphoma and one previously reported in situ stage 0 cervix carcinoma in the double-blind treatment period occurring after 8 days of CZP treatment. Table 4 Change from study Baseline in mTSS over 96 weeks-MMRM approach Data are shown for the Randomised Set. *Percentage is based on the number of participants assessed for progression at the visit. †PBO patients who withdrew prior to switching to CZP were not considered. CZP, certolizumab pegol; mTSS, modified total Sharp score; PBO, placebo; Q2W, every 2 weeks.
During the 96-week trial period, six patients experienced an AE leading to death, three of which were previously reported: one myocardial infarction, one sudden death 5 and one breast cancer; 13 and three of which occurred between weeks 48 and 96, including one cardiac arrest, one case of infection (sepsis) and one lymphoma. Both cardiac events were considered unrelated to study medication by the investigator.
DISCUSSION
Results from the RAPID-PsA trial demonstrate that the efficacy of CZP in treating the signs and symptoms of PsA was sustained over 96 weeks. Furthermore, efficacy was maintained in patients with prior anti-TNF exposure, an important finding given the fact that patients with PsA frequently cycle between different anti-TNF treatments 14 and that other biologicals have not shown such strong efficacy as a secondary biological treatment. 15 Efficacy was also demonstrated in these patients whether or not they withdrew from their prior anti-TNF treatment due to a lack of efficacy.
Maintenance of improvements was observed across a broad range of disease manifestations including dactylitis, enthesitis, cutaneous manifestations and peripheral arthritis. The improvements in skin measures are particularly important for patients' quality of life, given the finding that patients with PsA who also suffer from psoriatic skin involvement (60.8% of the week 0 CZP-randomised RAPID-PsA patient population had ≥3% BSA psoriasis at baseline) have a greater HRQoL burden than patients with PsA without skin involvement. 4 Furthermore, analysis of X-ray data did not reveal any clinically relevant progression of structural damage, as measured by mTSS, over 96 weeks of CZP exposure. Similar results were observed with both CZP dose regimens and for the CZP treatment period in patients originally randomised to placebo who later switched to CZP.
MMRM was selected as the method for analysing the week 96 mTSS data presented here. The use of MMRM relies on the assumption that patients who drop out prior to week 96 would have outcomes similar to other patients in the same treatment group had they continued in the study. 16 In a previous report of mTSS data based on the 24-week, double-blind, placebo-controlled period of RAPID-PsA, different methods for imputation of missing data were considered. 6 The methods used in that report were appropriate given the context of a placebo-controlled comparison at an early time point with relatively few missing data points. However, MMRM was deemed preferable for this long-term (96-week) analysis of radiographic progression for patients on CZP as it is a model-based approach which utilises all available data, even for those patients with missing data at one or more visits.
The safety profile of CZP was similar to previous reports of CZP in PsA, axSpA and RA, and no new safety signals were reported. The most frequent AEs were infections (ER=96.2/100 PY), of which the most common was upper respiratory tract infection (ER=13.7/100 PY).
Previous trials of anti-TNF agents have addressed the problem of missing efficacy data using a variety of approaches. While NRI may provide a conservative estimate of long-term treatment efficacy, presenting observed data alongside this can be informative, since it provides information based solely on those patients remaining on treatment. 18 In this publication, we therefore present both observed and imputed data in the intention-to-treat population, which is considered to give a more representational perspective on real-life clinical practice. 18 19 The maintenance of improvements with CZP treatment to week 96 of RAPID-PsA was demonstrated using both methodologies. Both the CZP 200 mg Q2W and CZP 400 mg Q4W dosing regimens were shown to provide maintained efficacy, providing flexibility in dosing options available to patients who respond to CZP therapy.
In conclusion, the improvements in clinical and patient-reported outcomes, which were observed over 24 weeks of the RAPID-PsA trial in both CZP dosing regimens, were maintained throughout the dose-blind trial period to week 48 and the OLE to week 96. The maintenance of improvements was observed in patients regardless of prior anti-TNF exposure. Skin outcomes were also maintained to week 96 and improvements were particularly strong in patients with severe skin involvement at baseline. This study also demonstrated the prevention of any clinically relevant change in structural damage, as measured by mTSS, for patients treated with CZP, in line with reported findings from trials of other anti-TNFs in PsA. [20] [21] [22] [23] The safety profile of CZP in PsA over 96 weeks was consistent with that observed during 24 weeks, with no new safety signals reported.
